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Method for removing N 2 0 during the production of nitric acid 



Description 



The present invention relates to processes for removing N 2 0 in nitric acid manufacture 
by means of coated three-dimensional articles. 



When nitric acid is produced on a large industrial scale, for example by the Ostwald 
process (Ullmann's Encyclopedia of Industrial Chemistry, 5th edition, volume A 17, 
pages 293 to 339 (1991)), the burning of ammonia with oxygen over a noble metal 
catalyst gives rise not only to nitrogen monoxide and nitrogen dioxide (or dinitrogen 
tetroxide) but generally also N 2 0 (nitrous oxide, dinitrogen monoxide) as a by-product. 
Unlike the other nitrogen oxides formed, N 2 0 is not absorbed by water during the 
absorption process. Unless there is an abatement stage to remove the greenhouse gas 
N 2 0, it will escape in the exit gas. 

US-A-5,478,549 discloses a process for the manufacture of nitric acid by the Ostwald 
process wherein the N 2 0 content is lowered by passing the post-oxidation gas stream 
at 600°C or above over a catalyst bed of zirconium oxide in the form of cylindrical 
pellets, disposed underneath a noble metal recovery gauze. 



DE-A-198 05 202 and DE-A-198 19 882 disclose catalysts, in geometric shapes such 
as pellets, cylinders or strands for example, for catalytic decomposition of N 2 0 in the 
manufacture of nitric acid. 



Heretofore known catalysts have the disadvantage that they are present in the form of 
compact beds of individual shaped catalyst bodies, the gas permeability of which 
cannot be adjusted in a controlled manner (pressure drop and high mechanical and 
static load). 

It is an object of the present invention to remedy the aforementioned disadvantages. 

We have found that this object is achieved by a novel and improved process for 
removing N z O in nitric acid manufacture, which comprises using catalysts comprising 
three-dimensional structures coated with catalytically active materials. 

Useful three-dimensional structures include moldings, gauzes, wovens, drawn-loop 
knits, wire packs, comb (i.e., honeycomb) structures, ceramic monoliths, preferably 
comb structures, wovens, drawn-loop knits, gauzes, wire packs, more preferably 
wovens, drawn-loop knits, gauzes. 
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Useful materials for the wire wovens include all high temperature stable materials of 
construction such as special steel, Hasteloy C, V2A or Kanthal (Fe-Cr-AI alloy, for 
example German material of construction code number 1.4767), preferably Kanthal. 

The wire wovens can be used in any desired form, for example as wovens, as woven 
layers or as woven packs. Woven packs are producible as follows: 

Woven and drawn-loop knit packs are for example simple to produce (by winding up or 
superposing two or more differently structured lengths of the woven and drawn-loop 
knit webs) as three-dimensional structures which are substantially conformable to the 
reactor's cross section. By substantially is meant in the present invention that there is 
no need for exact conformation to the column's cross section, but that fabrication 
tolerances are permitted. 

The pack is predominantly embodied as a roll which was obtained by winding up two or 
more differently structured lengths of the woven and drawn-loop knit webs. However, 
other geometric shapes are possible as well, especially a cuboid shape obtained by 
superposing webs. 

The wire of the wovens or woven packs is generally from 5 to 5000 urn, preferably from 
50 to 500 um, more preferably from 60 to 400 urn, and especially from 70 to 250 um in 
diameter and generally from 5 to 5000 um, preferably from 50 to 750 um, more 
preferably from 60 to 600 urn, and especially from 70 to 450 urn in mesh size. 

Useful catalytically active materials include oxides such as for example MgO, CoO, 
Mo0 3 , NiO, ZnO, Cr 2 0 3 , W0 3 , SrO, CuO/Cu 2 0, Mn0 2 or V 2 0 5 , mixed oxides such as 
CuO-ZnO-AI 2 0 3 , CoO-MgO, CoO-La 2 0 3 , La 2 Cu0 4 .Nd 2 Cu0 4) Co-ZnO, or NiO-Mo0 3 , 
perovskites such as LaMn0 3 , CoTi0 3 , LaTi0 3 , CoNi0 3 and spinal such as CuAI 2 0 4 , 
ZnAI 2 0 4 , MgAI 2 0 4 , (Cu, Zn) Al 2 0 4 , (Cu, Zn, Mg) Al 2 0 2 , (Cu, Zn, Ba) Al 2 0 4 , (Cu, Zn, Ca) 
Al 2 0 4 , La 2 Ni0 4 . preferably spinal such as CuAI 2 0 4 , ZnAI 2 0 4 , MgAI 2 0 4 , (CuZn) Al 2 0 4 , 
(CuZnMg) Al 2 0 4 , (CuZnBa)-AI 2 0 4 , (CuZnCa) Al 2 0 4 , more preferably spinal such as 
CuAI 2 0 4 , (CuZn) Al 2 0 4 , (CuZnMg) Al 2 0 4 . 

Preferably, the catalytically active material comprises from 0.1% to 30% by weight of 
CuO, from 0.1% to 40% by weight of the further metal oxide, especially ZnO, and from 
50% to 80% by weight of Al 2 0 3 . 

Particular preference is given to a catalytically active material which comprises about 
8% by weight of CuO, 30% by weight of ZnO and 62% by weight of Al 2 0 3 . As well as 
the spinal, very small amounts of CuO and further metal oxide will be present as well. 
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Preferably, more than 3.5% by weight of CuO and more than 1 0% by weight of ZnO 
are present. 

The preparation of catalytically active materials is common knowledge or can be 
effected by commonly known processes for preparing these materials. 

The wire of the wovens or woven packs can be coated as follows: 

Prior to coating, the wire of the wovens or woven packs can be heat treated, for 
example at from 100 to 1500°C, preferably from 200 to 1400°C, and more preferably 
from 300 to 1300°C. 

Coating can take place before or after, preferably after, shaping to form woven packs. 

The coating with catalytically active materials can be effected by vapor deposition, 
sputtering, impregnation, dipping, spraying or coating with powders, preferably with an 
aqueous and/or alcoholic solution or suspension, preferably with an aqueous 
suspension. 

The solids content of the suspension is generally in the range from 2% to 95%, 
preferably in the range from 3% to 75%, and more preferably in the range from 5% to 
65%. 

After coating, the catalyst packs are generally heat treated at from 100 to 1500°C, 
preferably from 200 to 1300°C, and more preferably at from 300 to 1 100°C. 

The weight ratio of coating to wire can be varied within wide limits and is generally in 
the range from 0.01:1 to 10:1, preferably in the range from 0.1:1 to 2:1, and more 
preferably in the range from 0.3: 1 to 1 : 1 . 

The inventive wire woven can be placed at any desired location of the reactor for nitric 
acid production downstream of the production of nitrogen oxides, preferably in a region 
where the temperature is in the range from 500 to 980°C, preferably from 600 to 970°C, 
more preferably in the range from 700 to 960°C, especially at the temperature level of 
the preceding ammonia oxidation at a pressure in the range from 1 to 1 5 bar, more 
preferably between the noble metal gauze catalyst (if appropriate provided with a noble 
metal recovery gauze) and the heat exchanger. 

The wire wovens are generally used as a fixed bed pack. The catalyst bed is generally 
from 1 to 150 cm, preferably from 2 to 50 cm, and more preferably from 5 to 10 cm 



PF 54641 



4 

deep. The residence time over the catalyst bed is generally shorter than 1 second, 
preferably shorter than 0.5 second and more preferably shorter than 0.3 s in normal 
operation. 

The inventive wire wovens can be disposed between the noble metal catalyst/optional 
noble metal recovery gauze and heat exchanger in reactors for catalytic oxidation of 
ammonia to nitrogen oxides that comprise a noble metal catalyst, if appropriate a noble 
metal recovery gauze and a heat exchanger in the stated order in the flow direction. 

The apparatus for producing nitric acid from ammonia comprises in the stated order 

a) a reactor according to the preceding paragraph, 

b) an absorption unit for absorbing nitrogen oxides in an aqueous medium, and if 
appropriate 

c) a reduction unit for selective catalytic reduction of nitrogen oxides. 
Examples 

Preparation Example 1 

A Kanthal metal woven band (100 cm long, 3.7 cm wide), German material of 
construction code number 1.4767 (from Montz GmbH, D-40705 Hilden), was air 
annealed at 900°C for 4 h and subsequently corrugated with a toothed wheel roller 
(1.0 mm in modulus) and rolled up with a smooth metal woven band 97 cm in length to 
form a pack having vertical channels 4.1 cm in diameter. The pack thus obtained was 
impregnated with a suspension composed of 100 g of Disperal® AI25 (from Sasol), 
100 g of water and 25 g of ca'alytically active powder of the composition: 20% by 
weight of ZnO, 16% by weight of CuO, 64% by weight of Al 2 0 3 , dried at 120°C for 2 h 
and heat treated in air at 950°C. The increase in pack weight due to impregnation was 
1 1 .6% after the annealing. 

Preparation Example 2 

A Kanthal metal woven band was treated similarly to Preparation Example 1. Pieces of 
this metal woven band which were 16.7 cm in length and 2 cm in width were 
corrugated with a toothed wheel roller 1.0 mm in modulus and superposed to form a 
cuboid monolith 7 cm in length which had vertical channels and was 2 cm high and 
deep and was joined together with 3 V2A wires. The pack thus obtained was 
impregnated with a suspension composed of 100 g of Disperal® AI25 (from Sasol), 
100 g of water and 25 g of catalytically active powder of the composition: 20% by 
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weight of ZnO, 1 6% by weight of CuO, 64% by weight of Al 2 0 3 , dried at 120°C for 2 h 
and heat treated in air at 900°C for 12h. The increase in pack weight due to 
impregnation was 1 3.4% after the annealing. 

Example 1 

Ammonia in an ammonia-air mixture having an ammonia concentration of 12% by 
volume and an air concentration of 88% by volume was reacted over a Pt/Rh gauze at 
a space velocity of 36 g/h of ammonia per cm 3 of gauze area at 900°C in a laboratory 
apparatus to form nitrogen monoxide. A 10 cm deep layer of the catalyst of Preparation 
Example 1 was disposed immediately downstream of the platinum gauze, and the 
reaction gas flowed through said layer at 800°C with a residence time of about 0.03 s. 
N z O decreased by 92% by volume. The pressure drop across the catalyst bed was 
250 mbar. 

Example 2 

Example 1 was repeated with the catalyst of Preparation Example 2. N 2 0 decreased 
by 90% by volume. The pressure drop across the catalyst bed was 192 mbar. 

Comparative Example 1 (similarly to Example 1 of DE-A-198 19 882) 

The reaction was conducted similarly to Example 1 except that the 10 cm deep layer of 
catalyst disposed immediately downstream of the platinum gauze was composed of 
18% by weight of CuO, 20% by weight of ZnO and 62% by weight of Al 2 0 3 in the form 
of 3 mm extrudates. N 2 0 decreased by 85% by volume. The pressure drop across the 
catalyst bed was 1450 mbar. 

Comparative Example 2 (similarly to Example 1 of DE-A-198 19 882) 

Comparative Example 1 was repeated using 6 mm extrudates. N z O decreased by 80% 
by volume. The pressure drop across the catalyst bed was 1345 mbar. 



